This note describes a computer code that can be used to perform a mean-square fit of experimental data of surface resistance and penetration depth vs. temperature for a superconductor. As a working example, the results from the measurement of a CEBAF niobium single cell cavity will be analysed with this code.
a 2 corresponds to the so-called "residual resistance", while a 1 corresponds to the ratio between the energy gap at zero Kelvin and the Boltzmann's constant.
The penetration depth vs. temperature data can be fitted according to the Two-Fluid model with Pippard correction for the mean free path [2] or using the full BCS theory. For both surface resistance and penetration depth, the BCS theory calculations are done using a boundary condition of diffuse reflection for the electrons, since it represents a situation closer to the real surface of a superconducting cavity. The formula that describes the corrected Two-Fluid model is:
λ L is the London penetration depth, l is the mean free path, ξ is the coherence length, T C is the critical temperature and λ(T 0 ) is an additive constant.
The algorithm that performs the mean square fit of the data is the Levenberg-Malquardt algorithm [3] , which can be applied to any non-linear fit. It requires the derivative of the function to be fitted with respect to each parameter and, in case of an analytic function (as the quasi-exponential formula for the surface resistance or the Two-Fluid model for the penetration depth), these derivatives can be calculated analytically but when the data have to be fitted with the BCS theory, they have to be computed numerically: 
for each parameter a i and temperature value T j . The increment h has been chosen to be 5% of the parameter's value.
As for any non-linear fit, the initial guess value for the parameters is very important to improve the goodness of fit, since initial values too far from the solution may result in an higher chi-squared or a non-convergent calculation. In general, it's a good idea to run the program with initial values equal to the ones resulted from a first fit of the same data.
There exists a version of the code that runs on a DOS shell and, if compiled with a Linux C++ compiler, can run on a Linux machine as well. The Windows  version has been called WinSuperfit.
Superfit manual and example
This section describes the feature of the Windows version of the program. When the program is launched, two warning messages appear, regarding a library that has been used in the program and is not registered. Just click the "OK" button after few seconds. The main window shows the four choices to fit surface resistance or penetration depth vs. temperature data. Just click the option you would like to run. Depending on the selected option, a new window appears. On the left there are all the required parameters and a box to be checked if the parameter can be changed during the fit. The default parameters values correspond to niobium. The input data are loaded by pressing the "Open File" button and selecting the filename. It has to be an ASCII file (for example a text file) that begins with the number of data points followed by two or three columns of data, the first one being the temperature values in Kelvin, the second one being the surface resistance (in ohm) or penetration depth (in Angstrom) data. The third column is facultative and contains the experimental error for each data point. The input file can be easily created with Excel. The maximum number of data points is 500. The program then asks if the measurement errors (third column) is included or not in the input file. In case it is, the "Measurement error" field is disabled; otherwise one can set a percentage value for it. The "Calculation accuracy" field refers to the accuracy with which the BCS theory calculations need to be done. Once the data are loaded, a "guess" value for the parameters has been assigned and it has been decided which parameters to fit for, the "Fit" button becomes enabled. By pressing it the meansquare fit algorithm starts. The results are shown on the right side of the window. Fitting data using the BCS theory takes a lot of time and CPU capability, and the results from each iteration step are shown at the bottom of the window. These include the iteration number, the chisquare, the parameter "alamda", which is an indication of the variation applied to the fitting parameters, and finally the fitting parameters a i (i = 0,1...5) corresponding to the input parameters listed from top to bottom. The calculations can be stopped at any time by pressing the "Exit" button and then the "Quit" button in the main window. Once the fitting process is completed, the "Plot" button is enabled and allows creating a plot of the input data along with a curve describing the fitted function. The plot function has been done using a graphic library included in the book in ref. [4] . Pressing the "Save File" button, it is possible to save the initial parameters values, the values after the fit with the chi-square, the input data along with the data obtained from the fitted function and finally the experimental errors.
For example, in figure 6 are shown the results from a fit of the variation of penetration depth with temperature on a CEBAF niobium single cell cavity using the Two-Fluid model. The parameters that could be adjusted during the fit had been chosen to be the critical temperature, the mean free path, the London penetration depth and the additive constant. It can be seen that the estimated error of London penetration depth and mean free path are quite large. This is due to the nature of formula (2) , and a more realistic error can be obtained by fitting separately for the two parameters.
The computer code can be requested by sending an e-mail to gciovati@jlab.org.
